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Abstract
Background: An epidemic of health disorders can be triggered by a collective manifestation of inappropriate
behaviors, usually systematically fueled by non-medical factors at the individual and/or societal levels. This study aimed
to (1) landscape and assess the evidence on interventions that reduce inappropriate demand of medical resources
(medicines or procedures) by triggering behavioral change among healthcare consumers, (2) map out intervention
components that have been tried and tested, and (3) identify the “active ingredients” of behavior change interventions
that were proven to be effective in containing epidemics of inappropriate use of medical resources.
Methods: For this systematic review, we searched MEDLINE, EMBASE, the Cochrane Library, and PsychINFO from the
databases’ inceptions to May 2019, without language restrictions, for behavioral intervention studies. Interventions had
to be empirically evaluated with a control group that demonstrated whether the effects of the campaign extended
beyond trends occurring in the absence of the intervention. Outcomes of interest were reductions in inappropriate or
non-essential use of medicines and/or medical procedures for clinical conditions that do not require them. Two
reviewers independently screened titles, abstracts, and full text for inclusion and extracted data on study characteristics
(e.g., study design), intervention development, implementation strategies, and effect size. Data extraction sheets were
based on the checklist from the Cochrane Handbook for Systematic Reviews.
Results: Forty-three studies were included. The behavior change technique taxonomy v1 (BCTTv1), which contains 93
behavioral change techniques (BCTs), was used to characterize components of the interventions reported in the included
studies. Of the 93 BCTs, 15 (16%) were identified within the descriptions of the selected studies targeting healthcare
consumers. Interventions consisting of education messages, recommended behavior alternatives, and a supporting
environment that incentivizes or encourages the adoption of a new behavior were more likely to be successful.
Conclusions: There is a continued tendency in research reporting that mainly stresses the effectiveness of interventions
rather than the process of identifying and developing key components and the parameters within which they operate.
Reporting “negative results” is likely as critical as reporting “active ingredients” and positive findings for implementation
science. This review calls for a standardized approach to report intervention studies.
Trial registration: PROSPERO registration number CRD42019139537
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Background
Epidemics, which traditionally refer to a widespread oc-
currence of an infectious disease in a community at a
particular time, have in recent years been used to de-
scribe large-scale public health issues caused by a shared
pattern of human behaviors that impact public health
and well-being. An epidemic of health disorders can not
only be triggered by organisms that cause communicable
diseases, such as bacteria, viruses, fungi, or parasites, but
also by a collective manifestation of inappropriate behav-
iors, usually systematically fueled by non-clinical factors
at the individual and/or societal levels. When medicines
or medical procedures are used for conditions for which
they should not be used, they are deemed as inappropri-
ate use of medical interventions. For example, the World
Health Organization and governments have warned
about the recent spike in the use of prescription drugs
[1] and cesarean sections [2] globally, which has formed
an epidemic that has caused avoidable damage to indi-
vidual health and introduced excessive burdens on
health systems [3, 4].
There have been experiments with programs specific-
ally designed to address factors driving the epidemics of
inappropriate use of medical interventions. These coun-
termeasures are often non-clinical behavioral change
interventions targeting physicians and pharmacists as a
point-of-entry for interventions and are designed to
improve clinical practices and policies that restrict un-
necessary dispensing [5, 6]. These programs usually
employed educational materials (e.g., guidelines, lectures,
workshops) [7, 8], auditing and feedback on prescribing
practices [9–12], or computer-aided clinical decision
support systems [13]. A 2005 Cochrane review con-
cluded that, for interventions occurring on multiple
levels to be effective, local barriers to change—including
the role patients play in driving inappropriate demand—
must be addressed [14]. Current interventions to address
the pressure of inappropriate demands outside the clin-
ical setting range from national mass media campaigns
to local interventions targeted at smaller communities
[15], aiming to influence the knowledge, attitudes, and
practices towards medical use of the general public who
have yet to become healthcare consumers: namely pa-
tients and caretakers of patients [15–17]. However, re-
cent reviews highlighted that critical knowledge gaps
exist in the evidence for engaging healthcare consumers
as active decision-makers for appropriate medical use (as
opposed to passive receivers of education materials) [18,
19]. Furthermore, the lack of evidence in the develop-
ment of and evaluation of the impact of these interven-
tions, especially in low- and middle-income countries
(LMICs), complicates replication efforts [16, 17, 20].
The Behavioral Change Wheel (BCW) [21] and the be-
havior change techniques taxonomy volume 1 (BCTTv1)
[22], developed by Michie and colleagues, facilitate re-
searchers in organizing the content and components of
behavioral interventions into nine intervention func-
tions: education, persuasion, incentivization, coercion,
training, enablement, modeling, environmental restruc-
turing, and restrictions and assists them in translating
specific techniques that were employed in a given inter-
vention into change behaviors. Scientists have supported
the use of BCW and BCTTv1 as a reliable and validated
methodology that offers a common language for describ-
ing intervention components that can be used for the
standardization of intervention content analysis and the
development of interventions [23–25].
In this study, we aimed to (1) landscape and critically
assess the evidence on non-clinical programs that reduce
inappropriate or unnecessary use of medical interven-
tions (i.e., medicines or medical procedures) by trigger-
ing behavioral change among healthcare consumers, (2)
map out intervention components that have been tried
and tested, and (3) identify the “active ingredients” of be-
havior change intervention programs that were proven
to be effective in containing “epidemics of inappropriate
use of medical interventions.”
Methods
Searches
For this systematic review, we searched MEDLINE,
EMBASE, the Cochrane Library, and PsychINFO from
the databases’ inceptions to May 2019, without language
restrictions, for behavioral intervention studies. A search
strategy was first developed for MEDLINE and adapted
to other databases. The full-search strategy is detailed in
Contributions to the literature
 This review identifies the types, components, and
combinations of interventions more likely to successfully
initiate and sustain public behavior change in the context of
complexity.
 It can inform practitioners’ decisions about designing,
implementing, and reporting interventions to reduce
inappropriate use/demand of medical interventions while
researchers and funders can use this review to determine
where research is needed.
 No community-based interventions were found in LMICs; in-
terventions were limited to primary care settings or policy re-
strictions on the supply side (e.g., ban on over-the-counter
purchases).
 There is a need for standardized reporting of intervention
development, adaptation, and implementation to maximize
generalisability and replicability.
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Additional file 1. We searched for behavioral change in-
terventions that aimed to reduce inappropriate or non-
essential use of medical services or medicines that were
driven by non-clinical factors and targeted health care
consumers in the community, including primary care
settings. For the purpose of this study, health care
consumers included the public, patients, and caregivers
(e.g., parents or guardians).
Study inclusion and exclusion criteria
Inclusion and exclusion criteria used for all stages of the
screening process are stated in Additional file 2. Studies
had to be empirically tested by either randomized con-
trolled trial (RCT), cluster-RCT (CRT), nonrandomized
controlled trial (NCT), or interrupted times series (ITS)
where the intervention time was clearly defined, and
there were at least three data points both before and
after the intervention, or quasi-experiments with a con-
trol group. To enable assessment of effectiveness in in-
cluded interventions, this review excludes before/after
evaluations of public campaigns or interventions that
failed to employ a control group and therefore cannot
show whether the effects of the campaign extended be-
yond trends occurring in the absence of the intervention.
Outcomes of interest were reductions in inappropriate
or non-essential use of medicines and/or medical proce-
dures for clinical conditions that do not require them.
Four major types of behaviors were identified, namely
inappropriate antibiotic consumption (e.g., for viral in-
fections or self-limiting conditions), elective cesarean
section, demand for brand-name drugs that are available
as generics, and non-medical use of prescription drugs,
defined as “use without a prescription or use for reasons
other than what the medication is intended for” [16, 26,
27]. Studies that focused only on change of knowledge
or attitudes and did not report actual behavioral data
were excluded. Studies mainly targeting clinicians, other
healthcare staff, hospitals, inpatients, emergency care, or
patients with mental health conditions were excluded.
To create a distinction between interventions directed at
health care consumers rather than providers, studies that
aimed to modify clinical practices (e.g., prescribing) were
excluded. Also, to differentiate behavior change inter-
ventions from therapies/treatments addressing mental
health conditions such as addiction or depression, we
excluded interventions for substance abuse, where in-
appropriate use was an outcome of a clinical condition,
not a cause.
Data extraction strategy
All titles retrieved from the searches were imported into
Endnote referencing software. Duplicates were removed.
Titles and abstracts were independently screened for in-
clusion by two reviewers (L.L and P.A.) and removed if
deemed irrelevant. Both authors independently screened
the full text (n = 347) of the remaining studies to assess
eligibility. Substantial agreement was found at all three
stages (> 90%). Disagreements were resolved through
discussion among reviewers to achieve consensus; any
further discrepancies about study inclusion were re-
solved through discussion with a third reviewer (E.F. or
J.H). We also manually searched the bibliographies of all
the included studies and reference lists of relevant sys-
tematic reviews to identify additional citations.
We extracted the data on study characteristics: the
country where the study was conducted, type of inappro-
priate use, target population, study design (e.g., RCT,
controlled pre- and post-study [CPP]), data collection
methods (e.g., survey, interview, medical records), and,
when focused on a population study, sampling method-
ology (e.g., cluster, convenience), primary or main out-
come measure, and conclusions reported. We further
examined reporting on intervention development/adap-
tion, design, and implementation strategies. Additionally,
we extracted underlying theoretical domains, effect size,
and risk of bias by two independent review authors, who
determined the domains within the Behavioral Change
Wheel (BCW) and identified the “active ingredients” of
the interventions according to BCTTv1. Data extraction
sheets were based on the checklist from the Cochrane
Handbook for Systematic Reviews [28]. The forms were
modified after piloting on a sample of studies. When
coding, we adopted the coding assumptions reported by
Presseau et al. [25] that BCTs worked through targeting
the behavior of health care consumers, or both the be-
havior of health care consumers and providers. We also
assumed policy interventions and national campaigns
were driven by governments and therefore coded gov-
ernments as implementers for respective interventions.
After the data extraction phase, we identified critical
evidence gaps in evaluation data and processes of inter-
vention development and implementation. We therefore
conducted another round of targeted, investigative
searches, involving citation and publication searches on
first, last, and corresponding authors of selected inter-
ventions, seeking formative, process, and impact evalu-
ation data.
Study quality assessment
We conducted and reported the review in line with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement (PRISMA). Risk of bias was
assessed by two reviewers using the Effective Public
Health Practice Project’s (EPHPP) Quality Assessment
Tool for Quantitative Studies [29], which includes eight
components (21 items): selection bias, study design, con-
founders, blinding, data collection methods, withdrawals
or dropouts, intervention, and integrity. A rating of
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weak, moderate, or strong was given to each of the first
six components, and these scores contributed to a global
rating for the study. Qualitative data was assessed by the
Critical Appraisal Skills Programme (CASP) checklist.
Data synthesis on active ingredients
Using BCW domains and BCT taxonomies, we ana-
lyzed descriptions of all interventions and identified
the commonly targeted aspects by looking at the fre-
quency with which BCW domain and BCT of the in-
terventions were incorporated in the studies. We also
explored the nature and pattern of the use of these
active ingredients across the different studies, and the
associated magnitude of effect size. We descriptively
reported the active ingredients and primary outcomes’
effect sizes at the study level, counting the number of
times a BCW domain and a BCT had been identified
across studies and in different types of use behaviors
and presented a description of features of included
interventions.
Results
Review statistics
Our systematic search of the literature yielded 4045
results through database searching and an additional
238 were identified through bibliography searches.
After de-duplication and title and abstract screening,
347 references were assessed in full text. A flow dia-
gram of the study selection process is shown in Fig.
1. Forty-three studies (representing 43 interventions,
see Additional file 3)—conducted between 1994 and
May 2019 and meeting inclusion criteria—were in-
cluded in the systematic review. Twenty-five studied
interventions focused on the reduction of antibiotic
Fig. 1 Flow diagram of systematic review search
Lin et al. Implementation Science           (2020) 15:90 Page 4 of 35
use—eight on elective cesarean section, four on the
conversion from brand name drugs to generic equiva-
lents, and six on nonmedical use of prescription
drugs. Table 1 provides an overview of the included
intervention studies for full-text extraction including
intervention aims and components.
Study characteristics
All included studies were published in English.
Twenty-four in North America (excluding Mexico;
USA: n = 21, Canada: n = 3), four in Latin America
(Chile, Colombia, Venezuela, Brazil, and Mexico), four
in the Middle East (Iran), eight in Europe (France,
UK, Italy, Spain, and Moldova), three in East Asia
and Pacific (Australia and Singapore), and none from
sub-Saharan Africa, South Asia, or the Caribbean.
The imbalance between high-income countries (HICs)
and low- and middle-income countries (LMICs) is ap-
parent when characterizing types of inappropriate use.
Multifaceted interventions are scarce and limited to
HICs while interventions in LMICs were limited to
primary care settings or policy restrictions (on over-
the-counter purchases) with zero community-based
programs identified. No studies from LMICs focused
on demands for brand-name drugs or non-medical
use of prescription drugs.
Study design
The included studies consisted of 18 RCTs and five
NCTs, eight ITS, and 12 quasi-experimental studies.
These studies varied in their quality, methodological
design, and implementation. Twenty-four studies re-
ported longitudinal data; the rest employed cross-
sectional study designs. All were outcome evaluation
studies. In terms of data collection methods for evalu-
ation, 23 studies employed surveys and 30 utilized
medical record data—these were not mutually exclu-
sive. Four studies reported cost data. One study
employed interviews as part of the intervention pro-
cedure, but not for evaluation purposes [51]. No
qualitative data were reported in the initial included
studies; we therefore conducted a targeted, investiga-
tive search on the selected interventions, but only lo-
cated minimal formative data on some of the studies
[30, 45–47, 50]. One UK-based project that aimed to
improve the decision-making around mode of delivery
among pregnant women published comprehensive im-
plementation research data from pilot results [48] and
study protocol [47] to outcome and economic evalu-
ation [45, 46, 49, 52, 53]. Table 2 presents a summary
of the key characteristics of each study measuring be-
havioral outcomes and reported formative and rele-
vant evaluation data of the included interventions.
Study quality assessment
Study quality varied by domain assessed based on the
primary behavioral outcomes (Additional file 4). There
were 11 studies of overall strong quality, 12 of overall
moderate quality, and 20 of overall low quality. In order
to provide an overview of the entire literature, no studies
were excluded based on their methodological quality.
The majority of behavior outcomes were derived from
medical records, leaving minimal room for reporting
errors with the exception that some only relied on self-
reported data for evaluation.
Active ingredients of the behavior change interventions
All of the interventions utilized multiple behavior
change techniques (BCTs) with a primary aim to im-
prove health care consumers’ behavior. Table 3 presents
the features of all the included interventions; the fre-
quency distributions of BCTs employed are presented in
Fig. 2. Of all 93 BCTs in the taxonomy, 19 (19/93,
22.9%) were used as active ingredients in the included
interventions: four BCTs were used exclusively for inter-
ventions targeting health care consumers (BCTs 3.3, 6.1,
9.2, 12.2); another four were used exclusively for multifa-
ceted interventions that also targeted providers (BCTs
1.3, 2.2, 3.2, 14.2), with 11 BCTs used for both (BCTs
3.1, 4.1, 4.2, 5.1, 5.2, 8.2, 9.1, 10.1, 10.2, 12.1, 12.5; see
Tables 4 and 5 for details). When compared with the
principles in the Behavioral Change Wheel, 39 interven-
tions employed education as an active ingredient
followed by enablement (n = 12), environmental restruc-
turing (n = 8), and restriction (n = 4). Of the 43 included
studies, 22 were interventions delivered only at the com-
munity level, 12 in primary care settings, six in both
community and primary care settings, and three in
schools. Nineteen interventions were delivered on an in-
dividual basis, which tended to be shorter in duration,
ranging from one to multiple short sessions. The major-
ity of studies focused on evaluation design and outcomes
and only provided high-level descriptions of the inter-
vention, with or without details on the development or
implementation processes. Twenty studies provided
clear descriptions on the intervention adaption/develop-
ment process, all on implementation strategies (e.g.,
channels and timing of dissemination), and, to a certain
level, 15 on intervention dose (intensity) [54–56] and
nine on designs (e.g., color and format) [55–58]. Some
studies provided links to intervention designs, but most
of these links had expired. Only eight interventions
explicitly reported having adopted a theory or model of
behavioral change, which included social marketing [56,
59, 60], social cognitive theory [55], precede/proceed
model [61], social development model [39, 40], and the
health belief model [62]. However, little was reported on
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how these underlying theories were used in the develop-
ment and evaluation of the interventions.
Interventions targeting health care consumers
Table 4 reports the individual BCTs identified within the
descriptions as active ingredients of the selected inter-
ventions targeting health care consumers. Of the 93
BCTs, the most frequently used active ingredients in the
selected interventions targeting health care consumers
were BCTs: 4.1-Instruction on how to perform the behav-
ior (n = 34), 4.2 Information about antecedents (n = 22),
5.1 Information about health consequences (n = 22),
followed by 12.5 Adding objects to the environment (n =
12), 8.2 Behavior substitution (n=11), and 12.1 Restruc-
turing the physical environment (n = 8). Most studies
employed education interventions aiming to improve
public knowledge (including awareness or correcting
misconceptions). Mass media campaigns were widely
used to reduce antibiotic misuse [54–56, 60, 63–68] and
demand for brand-name drugs [69], all in HIC. The ef-
fectiveness of such behavioral change interventions was
mixed. Decision aids to assist pregnant women making
decisions about mode of delivery were tested in three
different trials in Australia, UK, and USA; all reported to
be ineffective [52, 70, 71]. Taylor et al. [72], Lee et al.
[73], and Vallès et al. [51] trialed patient-based educa-
tion interventions in primary care settings to reduce
antibiotic use or to substitute generic for brand-name
drugs; only Vallès et al.’s [51] intervention found a posi-
tive impact on behavior change. Mainous et al. and
McNulty et al. assessed community-wide education in-
terventions in the USA and UK on their effectiveness in
improving public antibiotic use and found the provision
of educational messages itself was insufficient to over-
come the influence of past attitudes and behaviors [57,
66]. Formal and informal social support networks can be
leveraged to influence individuals’ behaviors through im-
proving doctor-patient communication [58–60, 64, 72,
74] or by actively engaging family members in the
process [39, 40, 75]. Four interventions aimed to encour-
age disposal of leftover opioids among postoperative pa-
tients by employing a combination BCWs of education,
enablement, and environment restructuring (BCTs: 4.1,
4.2, 5.1, 5.2, 8.2, 12.1, 12.5), which reported positive im-
pact [76–79]. Two longitudinal RCTs on school-based
universal preventive interventions in the USA that aimed
to strengthen families and build life skills were intro-
duced to middle schoolers [39, 40] and reported a lasting
impact on preventing non-medical use of prescription
drugs into adulthood. Structural environmental condi-
tions regarding access to healthcare services and medi-
cines, and promotive and restrictive policies—or the lack
thereof—can be pathways to shaping individual behav-
iors. Two trend analyses assessing the effectiveness of
French public education campaigns [63, 68] reported a
significant reduction in antibiotic consumption rates;
however, trials on community-wide public campaigns
with academic detailing for practitioners did not demon-
strate comparable levels of improvement in public anti-
biotic use. Belongia et al. and Fiskelstein et al. found
little or no evidence—attributable to multi-year interven-
tions in Wisconsin and Massachusetts—on reductions in
antibiotic prescribing in the intervention areas, despite
improved public knowledge [54, 59, 74]. Gonzales et al.
found that the state-wide “Get Smart Colorado” cam-
paign did not improve prescription rates, but might be
associated with a reduction in antibiotic use in the com-
munity through decreases in office visit rates among
children [56, 64]. Four studies evaluated the effectiveness
of the restrictions on OCT purchases on antibiotic con-
sumption in five Latin American countries with mixed
results [33–35, 80].
Interventions also targeting health care providers
Table 5 reports the individual BCTs identified within the
descriptions as active ingredients of the selected inter-
ventions targeting health care providers. The most
frequently used BCTs targeting health care providers
were similar with those targeting consumers, with small
differences in the ranking: BCTs: 4.1 Instruction on how
to perform the behavior (n = 15), 4.2 Information about
antecedents (n = 13), 12.5 Adding objects to the environ-
ment (n = 10), followed by 5.1 Information about health
consequences (n = 9), 8.2 Behavior substitution (n = 9),
and 12.1 Restructuring the physical environment (n = 4).
We noticed that, except for programs aiming to contain
inappropriate use of antibiotics, other interventions had
limited engagement between consumers and providers.
Discussion
Summary of findings
Using the Behavioral Change Wheel (BCW) domains to
identify the theoretical concepts underlying interven-
tions and the behavior change technique taxonomy v1
(BCTTv1) to identify the active ingredients of interven-
tions, we found that the domain of education was the
most commonly targeted by a majority of interventions
with primary focus on the provision of information on
BCTs 4.1 how to perform the behavior and 4.2 about an-
tecedents and 5.1 the associated health consequences. A
plethora of evidence supports the view that human be-
haviors should be understood in their social ecological
context, as products of intertwined influences at the per-
sonal, communal, societal, and structural levels [81–83].
Studies show that improving knowledge and awareness
does not equate with appropriate behavior change, as
lack of information is often not the only barrier to chan-
ging behavior [64, 66, 84–86]. The effects of education
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interventions have been mixed—most likely due to het-
erogeneity in context, population served, and interven-
tion design and measures. Cabral et al. examined how
communication affects prescription decisions for acute
illnesses and demonstrated a clear miscommunication
with cross-purposes between health care consumers and
providers, as patients and/or caregivers focused on their
concerns and information needs, which clinicians inter-
preted as an expectation for antibiotics [87]. This review
supports the use of multifaceted (complex) interventions
that incorporate BCTs related to provision of informa-
tion (BCTs 4.1, 4.2, or 5.1) and, as an alternative to anti-
biotics, prescription pads with clear explanations on
symptoms, and appropriate treatment options (BCT 8.2),
Fig. 2 Frequency distribution of behavior change techniques (BCTs) coded for 43 interventions
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as education alone is not sufficient to be effective. Inter-
ventions consisting of health education messages (e.g.,
BCTs 4.1, 4.2, 5.1), recommended behavior alternatives
(BCT 8.2), and a supporting environment that incentiv-
izes or encourages the adoption of a new behavior (e.g.,
BCTs 10.1, 10.2, 12.1, 12.5) are more likely to be
successful. Other types of utilized behavior change tech-
niques often aimed to encourage alternative behaviors
and improve the physical environments via regulations
or mass media.
The continuing tendency in research reporting has
been to stress the effectiveness of interventions rather
than the process of identifying and developing key com-
ponents and the parameters within which they operate.
There is a lack of detail on how the intervention compo-
nents were selected, designed, and the process of imple-
menting them, with limited descriptions provided on the
“contexts” and “mechanisms” that determine the effect-
iveness of interventions. Few studies provided sufficient
details on intervention development, dose/intensity, and
design; some provided links to project materials that had
expired [54–56, 60]. The majority of the selected inter-
ventions did not describe the pilot or process data for
implementation, nor did they discuss the dissemination
of findings and pathways to impact. Even after identify-
ing active ingredients of interventions using BCTTv1,
without a complete “recipe,” one cannot recreate suc-
cesses in other contexts. Just like there are agreed-upon
Table 4 Behavior change techniques and number of interventions targeting health care consumers and included specific behavior
change techniques, behavior change techniques taxonomy volume 1 (BCTTv1) hierarchical clusters, and intervention content
examples
BCT BCTTv1
hierarchical
clusters
Examples extracted from descriptions of the interventions Frequency
3.1 Social support
(unspecified)
3. Social support Educational programs for husbands of pregnant women that aimed to provide social
support of husbands, which consequently reduces the rate of elective cesarean section.
3
3.3 Social support
(emotional)
3. Social support A resource person will provide peer influence during decision making process about mode
of delivery
1
4.1 Instruction on how to
perform the behavior
4. Shaping
knowledge
Information about when antibiotics are and are not needed (e.g., rarely for bronchitis, not
for colds).
34
4.2 Information about
Antecedents
4. Shaping
knowledge
Information about bacterial and viral infections 22
5.1 Information about
health consequences
5. Natural
consequences
Information about bacterial resistance or side effects of antibiotic use 22
5.2 Salience of
consequences
5. Natural
consequences
Emphasis on the consequences inappropriate use of antibiotics (e.g., antimicrobial
resistance or side effects of antibiotic use)
6
6.1 Demonstration of the
behavior
6. Comparison of
behavior
Role play education to reduce the fear of childbirth 3
8.2 Behavior substitution 8. Repetition and
substitution
Alternative remedies instead of antibiotics for colds 11
9.1 Credible source 9. Comparison of
outcomes
Endorsement by CDC was designed to increase the credibility of key messages. 4
9.2 Pros and cons 9. Comparison of
outcomes
Information about the differences between generic and brand-name drugs in terms of ad-
vantages (high-quality bioequivalent formulations, health professionals’ preferences, avoid-
ance of confusions) and disadvantages (popularity, fidelity to branded products)
8
10.1 Material incentive
(behavior)
10. Reward and
threat
Switching to a lower-cost generic medication is cost-saving 3
10.2 Material reward
(behavior)
10. Reward and
threat
Associated cost savings to the recipient from switching to each of these alternatives 3
12.1 Restructuring the
physical environment
12. Antecedents Restriction on sale of antibiotics without prescription 8
12.2 Restructuring the
social environment
12. Antecedents Interventions focused on empirically supported family risk and protective factors, such as
parental nurturing, child management skills, improved parent–adolescent communication
skills and adolescent prosocial skill development (e.g., managing conflict and stress,
handling peer pressure, developing positive friendships)
3
12.5 Adding objects to the
environment
12. Antecedents Mass media strategies were undertaken including advertising using billboards, television,
radio, and magazines.
12
15 8 143
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elements that constitute a rigorous and comprehensive
reporting of evaluation studies, publications on behav-
ioral change interventions should systematically cover a
standardized list of intervention elements from the de-
velopment, adaption and refinement, feasibility and
pilot-testing, implementation, evaluation, and reporting
of BCTs. The CONSORT-SPI team [88] has developed
guidance and checklists for the reporting of BCT trials;
however, the required details on the reporting are still
primarily focused on evaluation study designs (e.g.,
process of randomization) rather than BCT development
and implementation. From implementation research
perspective and following the Medical Research Council
(MRC) guidance on developing and evaluating complex
interventions, reporting of BCT development and imple-
mentation should include descriptions on the context,
target behavior determinants, theories and rationale
(theory of change), intervention design features, adap-
tion/development process, implementation strategy (e.g.,
implementor, dose/intensity), modifications made be-
tween the feasibility and effective assessment phases, and
evaluation outcomes. The lack of detailed reporting
Table 5 Behavior change techniques and number of interventions targeting health care providers that included specific behavior
change techniques, behavior change techniques taxonomy volume 1 (BCTTv1) hierarchical clusters, and intervention content
examples
BCT BCTTv1
hierarchical
clusters
Examples extracted from descriptions of the interventions Frequency
1.3 Goal setting (outcome) 1. Goals and
planning
Provision of individual prescribing profiles depicting: (1) the proportion of adult bronchitis
patients receiving antibiotic treatment (target 10 percent or less); (2) the proportion of these
antibiotics belonging to a first-line group (erythromycin, doxycycline, tetracycline) (target
70% or more); and (3) the proportion of these antibiotics that are ineffective against proven
bacterial causes of uncomplicated acute bronchitis (target 0%).
1
2.2 Feedback on behavior 2. Feedback and
monitoring
Prescribing feedback, clinical audit with feedback 3
3.1 Social support
(unspecified)
3. Social support Interventions that inform best practice prescribing and that support health professionals
manage patient expectations
1
3.2 Social support
(practical)
3. Social support This intervention will (1) provide a range of patient education materials to physician offices
without charge, (2) provide ongoing information about antibiotic-use rates and resistance
in the community, (3) provide feedback about prescribing by practice, and (4) serve as a
general resource on issues of antibiotic prescribing and resistance
3
4.1 Instruction on how to
perform the behavior
4. Shaping
knowledge
Academic detailing to promote appropriate antibiotic use; practice guidelines which
included with the patient profiles for adults with bronchitis and children with pharyngitis
were compatible with those produced by the Centers for Disease Control and Prevention
(CDC)
15
4.2 Information about
Antecedents
4. Shaping
knowledge
Clinical practice guidelines for common respiratory illnesses 13
5.1 Information about
health consequences
5. Natural
consequences
A reference card providing easy-to-read facts about symptoms and treatments for ARIs 9
5.2 Salience of
consequences
5. Natural
consequences
Emphasis on AMR 2
8.2 Behavior substitution 8. Repetition and
substitution
Prescription pads with explanations on symptoms and appropriate treatment options (to
be given to patients instead of antibiotic prescriptions)
9
9.1 Credible source 9. Comparison of
outcomes
Endorsement by CDC was designed to increase the credibility of key messages. 1
10.1 Material incentive
(behavior)
10. Reward and
threat
An intervention intends to reward physicians for reducing pharmacy costs for their patients,
one component of which was to increase their prescribing of generic drugs
1
10.2 Material reward
(behavior)
10. Reward and
threat
Reward given to physicians for reducing pharmacy costs for their patients, one component
of which was to increase their prescribing of generic drugs
1
12.1 Restructuring the
physical environment
12. Antecedents Waiting room materials (CDC posters and patient reference cards) 4
12.5 Adding objects to the
environment
12. Antecedents Mass media strategies were undertaken including advertising using billboards, television,
radio and magazines.
10
14.2 Punishment 14. Scheduled
consequences
Regulations that require prescriptions for antibiotics to be retained and registered in
pharmacies and imposes fines to the owners of the pharmacies for non-compliance.
2
15 10 75
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among included intervention studies on evidence-based
development and implementation processes undermines
the generalizability of study findings, makes cross-
intervention comparisons difficult, and complicates
future adaption and replication efforts.
This systematic literature review is the first on the
effectiveness of public-targeted behavioral change inter-
ventions to reduce inappropriate use of medical inter-
ventions. It identified a serious lack of formative data,
which means that interventions to change public use of
medical interventions are often designed on the basis of
“best guesses” of what needs to change, without an
evidence base or explicit rationale for the selection of a
specific intervention strategy. There is an urgent need to
adopt a multidisciplinary, systematic approach to devel-
oping evidence-based behavioral change interventions to
reduce inappropriate medical use and to develop an op-
erational mechanism for knowledge translation and
scale-up within and across different countries. We found
limited evidence [39, 63] on evaluating the impact of
previous or ongoing education interventions on inappro-
priate use in terms of long-term impact, scalability, and
replicability. The root causes of why certain interven-
tions were unsuccessful are not systematically explored
or reported, yet reporting “negative results” is likely as
critical as reporting “active ingredients” and positive
findings for the development and sustainability of imple-
mentation science.
Relation to other studies
Like most stewardship programs, quaternary preven-
tion—a relatively new category of medical prevention
first raised in 1986 by Dr. Marc Jamoulle, a family phys-
ician, to addressing concerns around the protection of
people and patients from being harmed by over-
diagnosis or overtreatment—tends to focus mostly on
health care providers while placing less attention on
consumers [5, 89–91]. The definition of quaternary pre-
vention was later expanded by Brodersen et al. in 2014
to include patients and medical interventions as an ac-
tion taken to protect individuals (persons/patients) from
medical interventions that are likely to cause more harm
than good [92, 93]. The expanded definition recognizes
the contemporary reality in medicine in which people
may suffer harm from medical interventions throughout
their entire lifetime—from conception to adulthood, in
times of good health, as well as when experiencing self-
limited disease, chronic conditions, or terminal disease.
Therefore, quaternary prevention should include
preventing all types of harm associated with medical in-
terventions [92, 93]. From this perspective, quaternary
prevention is aligned with the aims of the behavioral
change interventions and techniques identified in our re-
view and should be considered alongside the other four
classical levels of preventive activities, i.e., primordial
(e.g., laws that restrict over-the-counter purchases of
antibiotics), primary (e.g., prescription drugs disposal
programs), and secondary and tertiary preventions (e.g.,
interventions that reduce fear of childbirth or convert
demand of brand-name drugs to generic drugs).
The use of medicine or medical procedures is a highly
complex set of behaviors involving multiple actions, in-
cluding the self-diagnostic process, assessing benefit/risk,
decision-making around healthcare seeking and treat-
ment choice, and review of treatment—each performed
at different time points across the care continuum [94,
95]. It involves interactions with various stakeholders
(i.e., family members and providers) and is often shaped
more by individual and contextual factors than by a clin-
ical diagnosis [94, 95]. Therefore, developers and imple-
menters of behavioral change interventions should be
clear as to whose and which behaviors are being targeted
for change and how—namely, who needs to do what dif-
ferently, how, to whom, where, when, and for how long.
A set of precisely specified behaviors would allow for
easier measurement and therefore would offer a baseline
and metric for evaluating the success of an intervention.
In order to develop effective behavioral change inter-
ventions, we first need to explain why people behave in
certain ways, yet a more in-depth look at people’s life-
world is lacking from every reviewed article. As the dual
processing theory (DPT) posits, human behavior is
guided by two types of processing mechanisms: the im-
plicit, intuitive system 1 and the explicit, rational system
2 [96]. Behavioral economists elaborate that, due to lim-
ited self-control, rationality and social preferences, actual
decisions are less rational and stable than traditional
normative theory suggests [96]. They are usually made
with a range of biases resulting from the way people
think and feel, rather than with rationality or full
information. However, most of the included interven-
tions—appealing to system 2 processing—attempted to
influence behaviors via improved knowledge and atti-
tudes; disappointingly, many trials indicated that this did
not automatically lead to preferred behaviors [54, 59, 72,
74]. To complicate things further, Zinn argues that be-
tween rationality and irrationality, there is a third, “in-
between” dimension that includes trust, intuition, and
emotion, which is an important aspect of decision-
making when people deal with risk and uncertainty,
especially in anticipation of the possible undesired out-
comes of decisions [97]. This may explain why three
RCTs on decision aids (system 1) to address individual
emotions (system 2) had no real impact on choice of va-
ginal birth [52, 70]. On the other hand, in addition to
education programs, financial incentives (changes in co-
payment), free medicine, advertisements (print media),
and health policies have been experimented with as
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behavioral change interventions to influence healthcare
consumers’ choice of medicine—in particular, to pro-
mote uptake of generic medicines—though they have
demonstrated inconsistent results [98, 99].
The most promising measure was an intervention de-
livered face-to-face, where consumers were told that
they had the option of switching back to brand-name
drugs anytime [51, 100, 101]; hence, an intervention that
leverages human behavioral mechanisms may be more
effective and cost-effective in optimizing decision
making than repeated, expensive education campaigns.
In response to the recent opioid epidemic across the
globe, promising prevention programs aimed not only to
improve the knowledge and awareness of the risk of
nonmedical use of prescription drugs among at risk indi-
viduals, but also to empower healthcare consumers by
providing skills or tools that enable them to take action
prior to the occurrence of misuse and/or before the
development of poor habits [39, 40, 76–79]. These inter-
ventions further improved the socio-ecological sur-
roundings of the target audience by involving family
members and restructuring their social or physical envi-
ronments [39, 40, 76–79].
Our review showed only 19% of BCTs have been
utilized by included interventions (i.e., 81% of BCTs
unexplored), with great variation between different types
of misuse—most were limited to education. Future
studies should explore other BCTs. A wide range of
disciplines engaging in social and behavioral sciences,
such as psychology, sociology, anthropology, communi-
cation, and marketing, can provide theories, models, and
methods for a more comprehensive and coherent ap-
proach to understanding or even modifying contextual,
organizational and interpersonal determinants of behav-
ior. In terms of sustainability of the interventions them-
selves, other than a few longitudinal studies [39, 40], we
do not know how long the reported effect of behavioral
change will sustain. Few studies incorporated economic
evaluations, and therefore, it was not possible to deter-
mine the returns on investment (ROI) for these included
interventions. Future intervention studies should con-
sider the aspects of RE-AIM (Reach Effectiveness
Adoption Implementation Maintenance) framework or
follow the MRC Guidelines on Developing and Evaluat-
ing Complex Interventions during the planning stage to
enhance the impact of interventions and the reporting of
them.
Development of a behavioral change intervention has
to start with a realist, comprehensive understanding of
the complex environment that shapes individual and col-
lective behaviors. The etiology of inappropriate use of
medical interventions should be studied and addressed
within the context of its biological, psychosocial, behav-
ioral, and environmental factors and the interactions
between them. In early 2000, Sallies et al. developed a
behavioral epidemiology framework, which specified a
systematic sequence of studies on health-related behav-
iors leading to evidence-based interventions directed at
populations in the following five phases: (1) establish
links between behaviors and health, (2) develop mea-
sures of the behavior, (3) identify influences on the be-
havior, (4) evaluate interventions to change the behavior,
and (5) translate research into practice [21, 83, 102]. In
2011, Michie and colleagues mapped out various path-
ways to influencing behavioral change and recom-
mended that interventions seeking to change behavior
should be designed on the basis of a thorough “behav-
ioral diagnosis” of why behaviors are the way they are
and what needs to change in order to bring about the
desired behavior [21]. Conducting such diagnosis should
be facilitated by the use of behavioral theory. Not until
recent years did researchers systematically report efforts
in the identification of the root causes of operational
barriers and facilitators in designing, implementing, and
evaluating interventions. For instance, in 2018 and 2019,
Langdridge et al. have attempted to decipher the inter-
vention elements and visual imagery used in public anti-
microbial stewardship [23, 103].
Consistent with the findings from recent reviews by
Cochrane and the Department of Health and Social Care
and Public Health in England [5, 104, 105], our review
found that few interventions employed behavior change
theories or techniques. Behavioral determinants and so-
cial influences are often not given sufficient consider-
ation in the design and evaluations of interventions. To
inform the design of effective, context-specific behavior
change interventions, one must first define the problem
in both behavioral terms and in its current context and
adopt a theory-driven, systematic approach to inter-
vention design. This points to another critical know-
ledge gap identified by this review in implementation
science, namely early studies that take place prior to
the implementation of behavioral change interventions.
Following the Medical Research Council (MRC) guide-
lines on developing and evaluating complex interven-
tions [106], as presented in Table 1, we find there is
little reporting on the feasibility, pilot, or process data
that generates the needed contextual information and
evidence base for acceptance, adaption, and uptake.
Limited detail has been made available on the develop-
ment of the included interventions regarding how key
decisions were made, including feasibility and com-
pliance. Future research on pilot and/or feasibility studies
that aim to strengthen large-scale behavioral change
intervention design can span the continuum of imple-
mentation science research from idea generation to
intervention development, implementation, evaluation,
and scale-up.
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Limitations
This systematic review is subject to important limita-
tions as we worked with interventions that are complex,
heterogeneous, non-standardised, and targeted different
types of inappropriate use of medical interventions and
users. The diversity in the design and outcome measures
of the included interventions prevents us from perform-
ing a meta-analysis. We demonstrated great variability in
the effect size observed within each behavioral change
intervention considered. We cannot make a conclusion
that certain types of behavioral change intervention
might be more effective than any other type of design
due to the limitations of the literature relating to the
lack of evidence-based development process and evalu-
ation design. Behavioral data that were gathered via sur-
vey instruments were by nature self-reported from
health care consumers who may have been reluctant to
report practices that could be considered inappropriate
or may have been subject to recall bias. Often there were
more than one “active ingredient” identified for each in-
cluded intervention, yet retrospective coding and the
study design did not allow us to pinpoint which compo-
nent was more effective. Further, some studies contained
bundles of interventions while others contained similar,
yet different interventions implemented in multiple
countries; therefore, the results of this review may have
been clouded by unconsidered/unreported intervention
components in the studies included. The studies in this
review were spread across a wide range of settings and
populations, so general conclusions should be drawn
with caution. Publication bias may be a critical problem
since it implies that most interventions have a positive
effect. We expect most interventions aimed at individ-
uals to be much more complex in reality; however, this
review was not able to capture how and why “active in-
gredients” were selected, implemented, or functioned in
the respective socioeconomical, cultural, and healthcare
settings. Future work should focus on addressing the
limitations and uncertainties surrounding existing be-
havioral change interventions.
Conclusion
Systematically assessing the evidence across behavioral
change interventions allows for the identification of the
“active ingredients” of effective interventions that
improve healthcare consumers’ use of medical interven-
tions, as well as the identification of those with ineffect-
ive or uncertain outcomes. Although opportunities for
behavioral change interventions are becoming more
commonly recognized, multifaceted (complex) interven-
tions are still new, scarce, limited to high-income coun-
tries, and, as is evident from our findings, highly
heterogeneous. Public-targeted behavioral change inter-
ventions in low- and middle-income countries (LMICs)
were exclusively limited to primary care settings. Inter-
ventions that consist of health education messages,
recommended behavior alternatives, and a supporting
environment that incentivizes or encourages the adop-
tion of a new behavior are more likely to be successful.
Future research should also seek to unpack the distinc-
tions between various audience segments, the influence
of the social ecological context, and the utility of the un-
explored 81% of behavioral change techniques (BCTs). It
is critical to adhere to a rigorous framework that guides
the development, implementation, evaluation, and
reporting of evidence-based interventions, so that gener-
ated evidence can be documented, disseminated,
compared, and utilized for further research. The lack of
reporting on evidence-based development and imple-
mentation processes makes cross-intervention compari-
sons and replication difficult. Our review further
identified a need for standardized reporting of interven-
tion development, adaptation, and implementation to
maximize generalisability and replicability.
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